We present a detailed multi-wavelength photometric study of giant H ii regions NGC 592, and NGC 588 in the nearby small spiral galaxy M 33. We use data taken with the Wide Field and Planetary Camera 2 (WFPC2) on board the Hubble Space Telescope (HST). We detect several massive stars in both ionizing clusters. Six WolfRayet (WR) stars are known to exist within those regions and we are able to constrain their physical properties by comparing their photometry to the latest grid of model atmospheres for WR stars of the nitrogen sequence (WN subclass.) We estimate the age and mass of both regions by fitting our photometry to models of integrated stellar populations.
INTRODUCTION
Giant H ii regions in nearby galaxies provide a wealth of information regarding current problems of astronomical interest such as star-formation and stellar evolution. The small spiral galaxy M 33, at a distance of 840 kpc, is a perfect laboratory for their study, due in part to its face-on orientation and very low extinction.
Our recent study of emission-line stars in giant H ii regions in M 33 (Drissen et al. (2008) ; hereafter DCUM08) gives an insight of some evolved massive stars in four regions: NGC 604, NGC 595, NGC 592, and NGC 588. The last two have few or no previous detailed studies and as a byproduct of DCUM08 we decided to perform a multi-wavelength analysis taking advantage of the existence of high resolution Hubble Space Telescope images. The investigation that we present here deals with the stellar content of these regions and we pay special attention to their massive components, including four Wolf-Rayet stars of the WN class, one WC star and a peculiar Ofpe/WN9 star.
Multi-passband photometry is a very useful alternative to spectroscopy when it comes to constraining the physical properties of stars and clusters, and external parameters such as extinction law and reddening. The comparison of photometric data with theoretical spectral energy distributions is a practical and experimented technique that leads to reliable results for both stars (Maíz-Apellániz 2004; Arias ⋆ E-mail: leonardo.ubeda.1@ulaval.ca et al. 2006;Úbeda et al. 2007 ) and clusters (Alvensleben 2004; de Grijs et al. 2005; de Grijs & Anders 2006) .
The present paper is organized as follows: In Section 2 we provide a description of the observations and their reduction. In Section 3 we give results for the stellar population of NGC 592. Section 4 is devoted to the results from NGC 588, and in Section 5 we highlight some of our results and examine the benefits of the spectro-photometric technique.
OBSERVATIONS AND DATA REDUCTION
We conduct a detailed stellar population study of giant H ii regions NGC 592 and NGC 588 in M 33 using archival images obtained with the Wide Field and Planetary Camera 2 (WFPC2) instrument on board the Hubble Space Telescope (HST). WFPC2 consists of three CCD cameras (WF) with a spatial sampling of 0.
′′ 1 per pixel and a smaller CCD camera (PC) with a scale of 0.
′′ 0455 per pixel. In Table 1 we summarize the datasets used for this study indicating the filters and exposure times. The data were extracted from the Canadian Astronomy Data Centre's web interface.
NGC 588 was observed with WFPC2 under program 5384 (P.I.: W. Waller) using filters F170W (UV), F336W (WFPC2 U ), F439W (WFPC2 B), F547M (Strömgren y), and F469N, a narrow-band filter centered on the He ii 4686 emission line appropriate for the detection of WR stars. For NGC 592 we retrieved images from Proposal 9127 (P.I.: L. Bianchi) which has imaged this region with filters F170W, F255W, F336W, F439W, and F555W (WFPC2 V ). Figure 1 shows a mosaic of the central part of M33 from the Local Group Galaxies Survey project led by P. Massey (Massey et al. 2006) . In order to emphasize the presence of giant H ii regions, the authors have represented Hα emission in red.
We have plotted the field-of-view of the WFPC2 to show the position of NGC 588 and NGC 592. The standard WFPC2 pipeline process took care of the basic data reduction (bias, dark, flat-field corrections) of the datasets. The reduction of the processed frames was performed using the PSF-fitting package HSTphot (Dolphin 2000) , which yielded calibrated magnitudes in the VEGA-MAG system corrected for charge-transfer efficiency (CTE) for all filters. We ran the code using the default parameters for each image. The WFPC2 CCD windows suffer from a well known time-dependent contamination which primarily affects UV observations and is negligible at optical wavelengths (McMaster & Whitmore 2002) , so we corrected the PSF photometry in filters F170W, F255W, and F336W.
Photometry was performed on individual cosmic-ray corrected images with HSTphot for the entire field of the WFPC2, which includes region NGC 592 in the WF2 camera chip and NGC 588 in the PC (see Figure 1 ). For our study we kept all the objects that met the following conditions: (1) the object was classified as a star by HSTphot and (2) the PSF fitting was good (we use the default value χ 2 2.5). The final photometric lists were built by band-merging individual lists and using filter F555W as the reference filter for NGC 592 and F547M for NGC 588. For our analysis, we only used those objects with a reliable measured magnitude in at least three filters.
NGC 592
NGC 592 is ten times less luminous than NGC 604, a well known extragalactic starburst in the northeastern part of M 33, but no less curious. It is closer to the galactic center and located on the outer part of one of the spiral arms. In this research we use a photometric approach to characterize the stellar population of this giant H ii region.
Data analysis
In order to translate the photometric colors estimated for all the stars in the observed field into fundamental stellar parameters, we used an IDL code (CHORIZOS, Maíz-Apellániz 2004) that fits an arbitrary family of spectral energy distribution models (SEDs) to multi-color photometric data. The fundamental parameters are determined simultaneously by a likelihood-maximization technique from the photometric colors calculated from the measured magnitudes. The code also gives the associated errors for these parameters.
This code allows us to constrain both intrinsic and extrinsic parameters such as: the effective temperature, bolometric magnitude, monochromatic color excess [ E(4405 − 5495) , see e.g. Maíz-Apellániz (2004) for its relationship to E(B − V ) ], and (when possible) the extinction law in the line of sight.
We assumed that this region in M 33 is moderately metal-deficient with 12 + log(O/H) ∼ 8.4 (Rosolowsky & Simon 2008 ), so we used low-gravity Kurucz stellar atmospheres models with log(Z/Z⊙) = −0.5 for our fits, except for the known WR stars already cited in DCUM08 (see SubSection 3.2). These models are characterized by their effective temperature in the range 3 500 − 50 000 K. We also considered several extinction laws: the R5495−dependent family of Cardelli et al. (1989) (Galactic extinction); the average LMC and LMC2 laws of Misselt et al. (1999) (extinction of the LMC), and the SMC law of Gordon & Clayton (1998) (extinction of the SMC). In order to redden the theoretical spectra we used the values of E(4405 − 5495) in the range 0.0 − 5.0 mag.
In summary, we are dealing with three parameters when using the Kurucz models: one intrinsic parameter (T eff ) and two extrinsic parameters (extinction law and E(4405 − 5495)).
We processed all stars with five and four observed magnitudes first. For these objects we left T eff , E(4405 − 5495), and the extinction law as free parameters. All fits with χ 2 4.0 were considered as good fits. A simple statistic of the values of E(4405 − 5495) provides an estimate of the reddening Figure 1 . Mosaic of M 33 from the Local Group Galaxies Survey project led by P. Massey (Massey et al. 2006) . In this composite image, giant H ii regions are clearly visible thanks to the Hα emission in red. We have plotted the filed-of-view of the WFPC2 camera to show the position of NGC 592 and NGC 588. The brightest H ii region is NGC 604 in the upper left corner of the image. NGC 588 is a relatively bright H ii region and it has been observed with the Planetary Camera. NGC 592 was imaged with WF2.
of this region for which we obtain < E(4405 − 5495) >= 0.18 ± 0.07 mag.
For the objects with only three calculated magnitudes (two photometric colors) we had to fix one of the external parameters in order to determine the other two. The extinction laws generally do not differ significantly from each other in the optical range; however, they vary strongly in the UV part of the spectrum where we have most of our observations. We tested three extinction laws for these objects: the Galactic laws of Cardelli et al. (1989) with R5495 = 3.1 and 5.0, and the SMC law of Gordon & Clayton (1998) . With these three laws we cover the widest range possible of extinction laws in the UV. Our statistical tests show that the SMC law is the preferred one, and we therefore used this extinction law for all the objects with only three calculated magnitudes.
Wolf-Rayet stars in NGC 592
Four Wolf-Rayet stars have been discovered in the central part of NGC 592. Their relative positions are labeled in a composite visible image in Figure 12 in DCUM08 as WR1, WR2, MC19 and MCA2. We could easily identify these objects in all of our WFPC2 images, which allowed us to determine their apparent magnitudes in filters F555W, F439W, F336W, F255W, and F170W.
The transformation of their photometric colors into physical parameters was performed by fitting an appropriate grid of model atmospheres (Hamann & Gräfener 2004) for WR stars of the nitrogen sequence (WN subclass.) These authors consider non-LTE spectral formation in a spherically expanding atmosphere with line blanketing from the iron-group elements. For the supersonic part of the velocity field they assume the usual β-law with β = 1. They provide the spectral energy distribution (emergent flux as a function of wavelength for a star at a distance of 10 pc) for different combinations of free parameters that include the chemical composition, the stellar temperature T⋆, the terminal velocity v∞, and the mass-loss rateṀ . Two grids are available: a grid for WNL stars (stars that present some residual hydrogen in their atmospheres), and a grid for WNE stars which are hydrogen-free. After an appropriate change of variables and after fixing some values, they come up with a grid with only two independent variables: the stellar temperature T⋆ and the transformed radius Rt. See Hamann & Gräfener (2004) for a definition of Rt. In particular, the terminal velocity was set to v∞ = 1600 km s −1 , for their calculations of the WNE grid and to v∞ = 1000 km s −1 , for the WNL grid.
For each model in the grids there is a unequivocal value of the mass-loss rateṀ . The grids have different temperature ranges. The models of WNL stars have a temperature range of 28 000−100 000 K and those of WNE stars range between 31 000 − 170 000 K. As with regular stars we also considered several extinction laws and we reddened the theoretical spectra with values of E(4405 − 5495) in the range 0.0 − 5.0. In summary, we have four parameters when using the Hamann & Gräfener (2004) WN models: two intrinsic parameters (T⋆ and Rt) and two extrinsic parameters (extinction law and reddening).
In what follows we make a thorough description of the fitting procedure of the WR photometric magnitudes to the synthetic model atmospheres. In each case, we use all the spectroscopic and photometric information available in order to estimate the temperature and bolometric magnitude of these stars.
NGC 592-WR1
A spectrogram of NGC 592-WR1 is shown in Figure 2b in Conti & Massey (1981) . The spectrum presents several well defined lines. A dominant N iii over neighboring N v calls for a WNL classification according to Conti & Massey (1981) .
For the first run of the model fitter with the photometry of NGC 592-WR1, we left all parameters (T⋆, Rt, extinction law, and reddening) free and we chose the WNL theoretical models from Hamann & Gräfener (2004) . The code yielded an SMC-like extinction law and very low reddening E(4405− 5495) ∼ 0.1 mag. This low value implies a degeneracy in the R5495 values, since the effect of extinction becomes nearly independent of the choice of extinction law when E(4405 − 5495)≪ 1.0 mag. This means that even though we are able to restrict the temperature and reddening of this object, the appropriate value of R5495 remains undefined using our set of observed magnitudes. We decided to favor the SMC law (Gordon & Clayton 1998) over the others and rerun the code by fixing both the extinction law and the reddening value. Table 2 lists the values from the fit [T eff , E(4405−5495), extinction law], and several other derived quantities (M555, M bol , and log(L/L⊙)). The upper panel of Figure 2 shows the best fit of the observed colors to the WR model atmospheres using an SMC extinction law for NGC 592-WR1. For the sake of clarity, we plot the AB magnitude mAB = −2.5 log(fν) − 48.60 as a function of 1/λ(µ −1 ).
NGC 592-WR2
NGC 592-WR2 was first identified as a WR candidate by Drissen et al. (1990) , and we showed a spectrogram of this star in DCUM08. The weakness of the He i 5876 line and the absence of N iii 4640 suggests a WNE classification, most probably a subclass WN4. Figure 13 in DCUM08 shows a remarkable comparison between the red spectrum of NGC 592-WR2 and that of Galactic WN4 star WR44.
In their introduction of grids of model spectra of WN stars, Hamann & Gräfener (2004) compare the observed spectrum of WR44 with a model from the WNE grid characterized by T⋆ = 63 100 K and log(Rt/R⊙) = 0.9. This gave us a starting point to fit the photometry of NGC 592-WR2 to the WNE grid. For the first run of the model fitter with the photometry of NGC 592-WR2, we left all parameters free and we chose the WNE theoretical models from Hamann & Gräfener (2004) . We found two possible solutions with E(4405−5495) = 0.1 and 0.2 mag. As with NGC 592-WR1, we decided to fix the extinction to an SMC-like law and reran the code twice once for each reddening value. The results from E(4405 − 5495) = 0.1 mag give a temperature of T⋆ ∼ 50 000 K while the other yields two solutions with T⋆ ∼ 40 000 K and T⋆ ∼ 70 000 K respectively. For this particular object, and from the spectroscopic analysis presented in DCUM08, we expect T⋆ 60 000 K. For this reason, we isolated the last solution for which we obtain T⋆ = 65 000 ± 3 000 K in good agreement with the results provided by Hamann & Gräfener (2004) for WR44 in the Galaxy. Table 2 lists the values of the fit, while the lower plot in Figure 2 shows the synthetic spectrum that best fits our observational data.
NGC 592-MCA2
The spectrum of WR star NGC 592-MCA2 has been published by Massey et al. (1987) where they suggest a WN classification; however, the quality of the spectrum does not allow for a classification in subclass. NGC 592-MCA2 is located in an extinction-free region as can be seen in Figure 12 of DCUM08. We ran the model fitter using a fixed extinction law (SMC) as before, and the theoretical model grids of WNE and WNL stars. In both runs we obtain fairly good fits with T⋆ = 48 000 K and E(4405 − 5495) ∼ = 0.1, a low value of the extinction as expected. Table 2 lists the values of the adopted fit, and Figure 3 shows the synthetic spectrum that best fits our observational data for this star.
NGC 592-MC19
The spectrum of NGC 592-MC19 (WCE) was first published by Massey & Conti (1983) . The most noticeable features are the lines C iii λλ4650,5696, and C iv λ5812 from which they infer a WC classification. No further classification is possible due to the low signal-to-noise of this spectrogram. Unfortunately, no theoretical models are available for WC stars, therefore, for this particular object, we adopt representative values for the effective temperature and luminosity from Crowther (2007) that we list in Table 2 .
Physical properties of the WR stars
In Table 2 we list the the best fit (or adopted) values of T⋆, extinction law, reddening, absolute magnitude in the reference filter F555W, bolometric magnitude (M bol = MV +BC) and luminosity for each studied WR star in NGC 592. For our calculations, we adopt a distance to M 33 of 847 ± 60 kpc (Galleti et al. 2004 ). The absolute magnitudes agree with values obtained by Schmutz et al. (1989) for 30 Galactic WR stars and by Massey & Conti (1983) for WR stars in M 33.
General description of the observed stellar populations in NGC 592
The χ 2 fits of theoretical SEDs allowed us to estimate both the effective temperature of single stars and their bolometric magnitudes through the bolometric correction (BC) provided by Bessell et al. (1998) and a distance to M 33 of 847 ± 60 kpc. With these quantities we built the Hertzsprung-Russell diagrams [log(T eff ), M bol ] that we present in Figure 4 . These diagrams allow us to compare our observations with stellar evolution models and to interpret them in physical terms such as mass, age, composition etc. We use sets of evolutionary tracks provided by Lejeune & Schaerer (2001) for a metallicity of Z = 0.008. These are non-rotating Geneva stellar evolution models that cover masses from 0.8 to 120M⊙. In our diagram we display the evolutionary tracks of stars with initial masses of 5, 10, 25, 40 and 120 M⊙ as well as the zero-age main sequence.
The WFPC2 images from program 9127 cover a small part of M 33 and NGC 592 is located on the WF2 chip as can be seen in Figure 1 . We defined a region of interest that is shown in Figure 12 in DCUM08. This region was chosen on the basis of (1) interesting stellar content (4 WR stars, OB stars) and (2) highest Hα intensity.
We built two Hertzsprung-Russell diagrams: one with stars in the region of interest (Figure 4 , left) and the other (Figure 4 , right) with stars in the rest of the field-of-view of the WFPC2. The individual stars are plotted with the following color code: green dots (stars with magnitudes calculated in five filters), blue dots (four filters), and red dots (three filters).
In order to place the WR stars in a Hertzsprung-Russell diagram, we use the derived T⋆ and we estimated the WR's bolometric magnitude through their bolometric correction. There exist several studies of BC determination for WR stars. See for example Smith & Maeder (1989) a Extinction law appropriate for the SMC; see Gordon & Clayton (1998) . b Values adopted from Crowther (2007) . c Extinction law appropriate for region LMC2 in the LMC ; see Misselt et al. (1999) .
which is a function of T eff derived from Vacca et al. (1996) . We adopt the improved approximation BC = 27.58 − 6.80 log(T eff )
from Martins et al. (2005) appropriate for hot stars. With the absolute magnitudes and bolometric corrections, the stellar luminosities can be estimated using
In Table 2 we list the calculated bolometric magnitude and luminosity of these stars. The values that we obtain are comparable to those of Hamann et al. (2006) for Galactic WN stars, but they may be overestimated because in some cases we had to rely on an extrapolation of the BC function (Equation 1). Figure 4 (left) shows the position of the WR stars using these estimated M bol and T⋆ and their errors. Note that MC19 does not have error bars because its temperature and bolometric magnitude are adopted values from Crowther (2007) . Both diagrams reveal a well-defined main sequence. The observed stars within the field-of-view span a range of M bol between −2.5 and −11.0 mag with a stronger concentration of stars with masses in the range 5 − 25M⊙. We note a wider spread in the distribution of stars in the dimmer part of the main sequence (lower masses). This is expected due to the bigger errors in the magnitudes of dimmer objects; those errors propagate in the determination of log(T eff ) and M bol . We have also found a systematic bias with sources that have only three calculated magnitudes (F336W, F439W, and F555W). This bias is an effect of the fitting code which produces higher temperatures for these stars and therefore shifts their positions towards the left in the HertzsprungRussell diagrams. This effect is not observed in stars with four or five known magnitudes mainly because the ultraviolet filter allows us to constrain the free parameters very well; however, in the case of objects with only three estimated magnitudes, there are more models that agree with the observed data which yields to systematically larger mean temperatures. For large masses, the mean locus of the position of the stars is located to the right (lower temperatures) of this sequence. This is likely to be caused by the fast evolution of these objects. There are three main differences between the two diagrams: (1) we observe a larger concentration of massive stars in the region of interest than outside; (2) the main sequence is better defined and shows a narrower spread in the region of interest; (3) both diagrams show a group of red stars at log(T eff ) < 4.25, although the left diagram presents less. These red objects may be evolved stars within the Hii region or foreground stars.
Evaluation of the age and mass of NGC 592
We performed an estimation of the age, mass, and stellar content of the central part of NGC 592 basing our work on STARBURST99 (Leitherer et al. 1999; Vázquez & Leitherer 2005 ) models of integrated stellar populations.
We performed detailed aperture photometry of the ionizing cluster NGC 592 on the WFPC2 images obtained with filters F555W, F439W, F336W, F255W, and F170W. We used an aperture centered on α = 1 h 33 m 17. s 39, δ = 30
• 38 ′ 33. ′′ 6 and an aperture radius of 160WF pixels equivalent to 16. ′′ 0. We enclose two WR stars within this aperture radius. The size of the aperture was chosen so that most of the region of interest is included within the aperture and to have enough space in the WF2 chip to include a ring to estimate the sky value. According to the data quality FITS, the images present some hot pixels and some bad columns that run through the selected aperture. We solved this problem by assigning to each bad pixel a count value equal to the mean count of the surrounding good pixels. We accounted for this approximation by resetting the calculated magnitude errors to higher values. Table 3 lists the aperture photometry of this cluster expressed in the VEGAMAG system.
The model fitter includes precalculated STARBURST99 (Leitherer et al. 1999) cluster models, where the intrinsic parameters are the cluster age and its metallicity and the external parameters are the same that we used for the stars: extinction law and reddening. These models are tabulated for a Salpeter (1955) stellar initial mass function of 1 to 100 M⊙. The exact low mass limit of the IMF is not important for our age determinations because the integrated colors of clusters with ages younger than 10 8 years are dominated by stars with masses greater than 1 M⊙, but it is relevant for the determination of the total mass.
We considered models with metallicity log(Z/Z⊙) = −0.4 for our study. The models vary in age in the range between log(age/yr) = 6.0 and log(age/yr) = 9. The available Figure 4 . Hertzsprung-Russell diagrams built with stars found inside (left) and outside (right) the main region of interest of NGC 592. In both diagrams we display the evolutionary tracks of stars with initial masses of 5, 10, 25, 40 and 120 M ⊙ as well as the zero-age main sequence. We used sets of evolutionary tracks provided by Lejeune & Schaerer (2001) for an LMC metallicity (Z = 0.008), which is appropriate for M 33. The colors are used to classify stars according to the number of available photometry: green objects: five magnitudes; blue objects: four magnitudes, and red objects: three magnitudes. The labeled black symbols represent the WR stars. The T eff and M bol of MC19 (WC) are estimated as average values for WC stars from Crowther (2007, Table 2 ). The colored error bars in the lower left indicate the mean value of the error in effective temperature for each kind of data.
reddening values E(4405 − 5495) are in the range 0.0 − 5.0 mag. We experimented with the same extinction laws that we used for stars in the previous analysis. In summary, we have three parameters when using the STARBURST99 models of integrated stellar populations: one intrinsic parameter (log(age)) and two extrinsic parameters (extinction law and reddening).
We start our analysis by fitting STARBURST99 models to our photometry and leaving three parameters [log(age), E(4405 − 5495), R5495] unconstrained. We fixed the metallicity to log(Z/Z⊙) = −0.4. The reddening vs. age likelihood contour plot (not shown) indicates that there are three solutions compatible with the available photometry. The most probable solution, (the one with the lowest χ 2 ) gives a well defined value for the age of the cluster: log(age/yr) = 6.70, and a low value for the extinction E(4405 − 5495) = 0.1 mag. We reran the code a second time to isolate this most probable solution. The best fit yields an age that spans the range 6.66 log(age/yr) 6.72, and a reddening of E(4405 − 5495) = 0.10 ± 0.10 mag. The estimated age of 4.9 ± 0.5 Myr is in agreement with the study of NGC 592 by Bosch et al. (2002) . The age error that we obtain is a formal value estimated by the fitting code; however, for such a giant region (> 100 pc in diameter) it should be noted that a larger age spread is expected.
The model fitter provides a time-dependent correction that can be applied to transform the current magnitude of a cluster to the one at zero age (equivalent to 1 Myr in the STARBURST99 notation). We used this quantity to derive the zero age mass of NGC 592. For our analysis, we used STARBURST99 models which only include stars more massive than 1 M⊙. Since most of a cluster's mass is contained in the low-mass stellar population, we had to further correct these values considering a Kroupa IMF (Kroupa 2002) which takes into account stars in the range 0.1 − 100 M⊙. The estimated total stellar mass within the selected aperture is 16 500 ± 5 200M⊙.
Knowing the age and mass of this region of M 33 we can infer the stellar content using the STARBURST99 evolutionary synthesis models. We ran a simulation with instantaneous star-formation, the Geneva evolutionary tracks with high mass loss and Z = 0.008, and a Kroupa IMF. We calcu- lated the number of massive stars interpolating the output files that contain the stellar spectral types for the estimated values of mass and age of NGC 592. We are interested in the most massive and brightest components. The models predict between none and two WR stars for this region in agreement with the observations. The results of this fitting procedure are listed in Table 4 .
Our mass estimate of 16 500 ± 5 200M⊙ is in agreement with the one obtained by Pellerin (2006) (1.1 × 10 4 M⊙) with a Salpeter IMF, if we take into account that we used a Kroupa IMF. Figure 5 (left) shows the spectrum of the integrated stellar population that best fits our data with a solar metallicity. Figure 5 (right) represents a contour probability plot in the age vs. reddening parameter space. The contours represent a probability in the range 0.05 − 0.95 in steps of 0.10. The most probable values of log(age) and E(4405 − 5495) are marked with a white star.
NGC 588
NGC 588 is another prominent giant Hii region in M 33. It is located towards the end of one spiral arm in the outer part of the galaxy. Figure 1 shows its relative position in the galactic field. Note the over-plotted WFPC2 field-of-view. The central part of NGC 588 was imaged with the Planetary Camera at the highest possible resolution achievable with the WFPC2.
Data analysis
The analysis of the photometry of NGC 588 was done by following the same procedure used to analyze NGC 592. We processed all stars with four observed magnitudes first. The data from filter F469N was not considered for the fits since we are fitting the continuum of Kurucz stellar atmospheres models. For these objects we left T eff , E(4405 − 5495), and the extinction law as free parameters. All fits with χ 2 4.0 were considered as good fits. A simple statistic of the values of E(4405 − 5495) provides an estimate of the reddening of this region. We obtain < E(4405 − 5495) >= 0.08 ± 0.12 mag. Jamet et al. (2004) make a similar study of the ionizing cluster in NGC 588 and they tested three extinction laws: Galactic, LMC and SMC. They found that the best fit was always obtained with the SMC law (Prevot et al. 1984) and < E(B − V ) >= 0.08 ± 0.04 mag in perfect agreement with our value. For the objects with only three magnitudes (two photometric colors) we assumed the SMC law of Gordon & Clayton (1998) appropriate for M 33.
Wolf-Rayet stars in NGC 588
Two WR stars have been discovered in NGC 588. They are labeled MC3 and UIT 008 in Figure 14 in DCUM08. We constrain their physical properties by fitting our photometry to the grid of model atmospheres for WR stars (Hamann & Gräfener 2004 ) of the nitrogen sequence (WN) as we did for the WR stars in NGC 592. We identified these objects in the PC chip of our WFPC2 images, and we calculated their PSF photometry in filters F547M, F439W, F336W, F170W, and F469N.
NGC 588-MC3
Conti & Massey (1981) present the first spectrogram of this source and estimate a MV = −7.4 mag and a WNL: Table 4 . Results from the model fitting for NGC 592 and NGC 588. The mass was estimated using a Kroupa IMF (Kroupa 2002 4.2 ± 0.5 0.01 ± 0.01 − 9.84 2 300 ± 500 2 ± 1 1 ± 1 NGC 592 0.4 4.9 ± 0.5 0.13 ± 0.05 −11.97 16 500 ± 5 200 8 ± 4 1 ± 1 spectral classification. Massey et al. (1996) provide Ultraviolet Imaging Telescope (UIT) photometry of this object and they list this "super-luminous" WR star as UIT 011, one of the 10 brightest UV sources in M 33. They classify it as a WNL with MV = −7.9 mag. Note that they list other brighter sources in the UV, but all of them located in NGC 604. Another optical spectrum is presented in Jamet et al. (2004) . We notice that the calculated magnitudes in filters F547M, F439W, F336W, and F170W, are very similar to those of NGC 592-WR1 in filters F555W, F439W, F336W, and F170W respectively, so we expect to obtain a similar temperature for this star.
A first run of the model fitter using the WNL theoretical models from Hamann & Gräfener (2004) yields a solution with < E(4405−5495) >∼ 0.1 mag. A second run of the code with a fixed reddening value gives T⋆ = 57 000 ± 2 000 K, in agreement with the results obtained for NGC 592-WR1. The best fit was obtained using the LMC2 extinction law of Misselt et al. (1999) . Table 2 lists the values of the fit. The luminosity that we calculate for this star may be overestimated due to an extrapolation in the Equation 1, as we explained in the case of NGC 592-WR1. We can also suspect that this is a multiple system, in which case, further high resolution spectroscopy would help to better estimate its physical parameters. The lower plot of Figure 6 shows the synthetic spectrum that best fits our observational data.
NGC 588-UIT 008
This very peculiar object was first spotted in M 33 by Massey et al. (1996) together with five other similar Ofpe/WN9 candidates. This spectral classification was first introduced by Walborn (1982) in an attempt to describe objects that have properties intermediate between Of and WN. Similar sources with an Ofpe/WN9 classification are known in the Local Group (see for example Massey et al. 2007; Bianchi et al. 2004 ; and references therein.) These objects are now known to be quiescent states of LVBs (Walborn et al. 2008) . Massey et al. (1996) also present an optical spectrum of NGC 588-UIT 008 where we can see strong P Cygni He i and Balmer emission but weak N iii λλ4634,4641 and He ii λ4686. Bianchi et al. (2004) follow up the study of this star and other five Ofpe/WN9 objects with Space Telescope Imaging Spectrograph (STIS) spectroscopy. A UV spectrogram of NGC 588-UIT 008 shows very strong features. The authors performed a quantitative modelling of the spectra using the WM-BASIC code (Pauldrach et al. 2001 ). In particular, for NGC 588-UIT 008 they derived T eff = 32 000 ± 1 000 K, log(L/L⊙) = 5.66, and E(B − V ) = 0.08 mag.
For the sake of completeness we tested our photometry Figure 6 . SEDs for the best fits of Wolf-Rayet stars NGC 588-UIT 008 (top) and NGC 588-MC3 (bottom), based on the grid of model atmospheres for WN stars (Hamann & Gräfener 2004) . The photometry is shown by the symbols with error bars (vertical ones for uncertainties and horizontal ones for the approximate length coverage of each filter.) Star symbols indicate the calculated magnitude of the model SED for each filter. From left to right, the filters are WFPC2/F170W, F336W, F439W, F469N, and F547M. The calculated magnitude in filter F469N is displayed in the spectrum, but it was not considered during the fitting procedure because it represents He ii 4686 in emission. It clearly shows a deviation from the best fit spectrum.
to derive an approximate value of the temperature of this object. We fit the observed fluxes in filters F170W, F336W, F439W, and F547M, to the grid of WNL theoretical models from Hamann & Gräfener (2004) . In the first run we left all parameters free, and we found a single solution with T eff ∼ 32 000K and very low reddening E(4405 − 5495) ∼ 0.1 mag. We restricted the extinction to an SMC-like law and our final values for this object are T eff = 32 000 ± 2 000 K and E(4405−5495) = 0.09±0.02 mag, in perfect agreement with the results by Bianchi et al. (2004) .
4.3 General description of the observed stellar populations in NGC 588 Figure 7 shows the Hertzsprung-Russell diagrams [ log(T eff ), M bol ] that we built for NGC 588. One with stars in the region of interest (left) and the other (right) with stars in the rest of the field-of-view of the WFPC2. The plots show the same set of evolutionary tracks provided by Lejeune & Schaerer (2001) for a metallicity of Z = 0.008 that we used for NGC 592. Both diagrams reveal a fairly well populated main sequence. The observed stars within the field of view span a range of M bol between −2.0 and −10.5 mag with a stronger concentration of stars with masses in the range 5 − 20M⊙. We note a wider spread in the distribution of stars in the dimmer part of the main sequence due to larger photometric errors. We note a higher number of massive stars within the region of interest, specially in the range M > 40M⊙. We also note that the majority of the objects in Figure 7 (left) are detected in four filters F170W, F336W, F439W, and F547M. We note the same systematic bias effect towards higher temperatures that we found for sources with three known magnitudes in NGC 592.
Evaluation of the age and mass of NGC 588
We followed the same procedure that we used for NGC 592 to estimate the age, mass, and stellar content of NGC 588. We performed detailed aperture photometry of NGC 588 on the WFPC2 images obtained with filters F547M, F439W, F336W, and F170W. We used an aperture centered on α = 1 h 32 m 45. s 45, δ = 30
• 38 ′ 55. ′′ 9 and a radius of 150 PC pixels equivalent to 6.
′′ 825 with a scale of 0. ′′ 0455 per pixel. There are two WR stars within this aperture radius. The size of the aperture was chosen so that most of the region of interest is included within the aperture and to have enough space in the PC chip to include a ring to estimate the sky value. We took care of the hot pixels and bad columns as we did with the other region. We accounted for this approximation by resetting the calculated magnitude errors to higher values. Table 3 lists the aperture photometry of this cluster expressed in the VEGAMAG system. As with NGC 592, we used STARBURST99 models of integrated stellar populations to fit the photometry of NGC 588.
In our fitting procedure, we fix the metallicity (intrinsic parameter) to log(Z/Z⊙) = −0.4, and we left the rest of the parameters unconstrained. The reddening vs. age likelihood contour plot (not shown) indicates that there are two solutions compatible with the available photometry. One of the solutions gives a well defined value for the reddening, E(4405 − 5495) = 0.1 mag, and a predicted age of log(age/yr) ∼ 6.3. The other solution has a peak in E(4405 − 5495) = 0.0 mag and log(age/yr) ∼ 6.6. From the observations and our previous analysis, we know that within the aperture radius there are at least two WR stars in this region of interest which constrains the age of this region to 2.8−4.5 Myr (Leitherer et al. 1999) . We ran the code a second time to isolate the older solution and at the same time, we fix the extinction law to an SMC-like law. The best fit yields an age that spans the range 6.59 log(age/yr) 6.65, and a reddening of E(4405 − 5495) = 0.01 ± 0.01 mag. The estimated stellar mass within the selected aperture and based on a Kroupa IMF is 2 300±500M⊙. The STARBURST99 evolutionary synthesis models. predict between zero and two WR stars in agreement with the observations. The results of this fitting procedure are listed in Table 4 . We must note that the age error that we obtain is a formal value estimated by the fitting code; as with NGC 592, for such a giant region a larger age spread should be expected.
There are two previous studies that estimate the age and mass of NGC 588. Pellerin (2006) uses a far-ultraviolet spectral synthesis method with a low S/N F U SE spectrogram. She uses a square aperture that approximately includes the same area that we used for our photometry. FUV modeling favors low metallicity (Z = 0.4Z⊙) models and a low (0.06 ± 0.02 mag) extinction.
In another study, Jamet et al. (2004) constrain the age and metallicity of NGC 588 by fitting isochrones to the dereddened HST data. These authors find that the best fit corresponds to synthetic models with Z = 0.4Z⊙ and a derived age of 4.2 Myr.
Our solution with Z = 0.4Z⊙ yields the same age derived by Jamet et al. (2004) . Masses in the range 500 − 6 300M⊙ are reported in the literature (Pellerin 2006 , and references therein) in agreement with our estimated value of 2 300 ± 500M⊙.
CONCLUSIONS
We have presented a detailed photometric study of two giant Hii regions in M 33: NGC 588 and NGC 592. Both regions present a significant young massive star population worthy of further investigation.
We have made a multi-wavelength approach that allowed us to fit our photometry to grids of theoretical spectral energy distributions. For regular stars we used low-gravity Kurucz models. For Wolf-Rayet stars we used the grid of model atmospheres of WN stars provided by Hamann & Gräfener (2004) . The evaluation of the age and mass of the ionizing clusters was performed using STARBURST99 (Leitherer et al. 1999 ) models of integrated stellar populations.
We have no doubt that in order to learn the most from any astronomical source, a high resolution, high S/N spectrum will provide most of the wanted information. However, in practice, this cannot always be achieved and can be very time consuming. Photometry, on the other hand, is more easily accomplished. In this paper we show that some physical parameters of both stars and clusters can be successfully constrained by carefully fitting measured photometry to theoretical SEDs. The accuracy to which these quantities can be estimated depends on the number of different broad- Figure 7 . Hertzsprung-Russell diagrams built with stars found inside (left) and outside (right) the main region of interest of NGC 588. In both diagrams we display the evolutionary tracks of stars with initial masses of 5, 10, 25, 40 and 120 M ⊙ as well as the zero-age main sequence. We used sets of evolutionary tracks provided by Lejeune & Schaerer (2001) for an LMC metallicity (Z = 0.008), which is appropriate for M 33. The colors are used to classify stars according to the number of available photometry: blue objects: four magnitudes, and red objects: three magnitudes. The labeled black symbols represent the WR stars with their error bars. The colored error bars in the lower left indicate the mean value of the error in effective temperature for each kind of data. band filters and, crucially, on the actual wavelengths range covered by the observations. One remarkable example is the peculiar Ofpe/WN9 star UIT 008, for which we deduced a T eff = 32 000K with only four WFPC2 magnitudes. The same result was obtained by Bianchi et al. (2004) after a careful spectral modelling using WM-BASIC. Another interesting result is the evaluation of the age of NGC 588. We obtained the value 4.17 Myr by fitting four WFPC2 magnitudes to STARBURST99 models of integrated stellar populations. Jamet et al. (2004) obtained the same age by isochrone fitting, a much more elaborate procedure.
